Abstract-Most of the intra-cellular events involved in the initiation and propagation phases of this process has now been identified astrocytes. The control of the spread of intracellular calcium signaling has been demonstrated to occur at several levels including IP3 receptors, intracellular Ca 2+ stores like endoplasmic reticulum (ER) . In normal and pathological situations that affect one or several of these steps can be predicted to influence on astrocytic calcium waves. . Finite volume method is employed to solve the problem. A program has been developed using in MATLAB 7.5 for the entire problem and simulated on an AMD-Turion 32-bite machine to compute the numerical results. In view of above a mathematical model is developed to study calcium transport between cytosol and ER.
INTRODUCTION
ARGE and long-lasting cytosolic calcium signalling in astrocytes have been described in cultured cells and acute slice preparations. The mechanisms that give rise to these calcium events have been extensively studied in vivo. However, their existence and functions in the intact brain are unknown [1] , [6] , [7] [11] . About 20 years ago astrocytes have been considered to mediate supportive and protective functions in the central nervous system because of their strategic placement relative to the vasculature, and because they lack fast sodium action potentials. Now Astrocytes are controlling the dynamics of the neuronal networks in the central nervous system [8] , [10] .
In cultured astrocytes response to many physiological and pharmacological manipulations, for examplemechanical stimulation, membrane potential depolarization, and activation of metabotropic glutamate receptors etc. [2] , [5] , [11] .
These slow events are mediated by release of Ca 2+ from intracellular stores (Charles et al. 1993 ) [4] .The ER is the major Ca 2+ storage organelle in most cells. ER membrane Ca 2+ ATPases accumulate Ca 2+ in the ER lumen to quite high levels. Because the ER lumen contains high concentrations of Ca 2+ binding proteins, due to this total amount of Ca 2+ in the lumen may be >1 mM [7] . The concentration of Ca 2+ in the cytoplasm of unstimulated cells is 3-4 orders of magnitude lower than in the ER lumen. This low concentration is maintained by Ca 2+ pumps and other Ca 2+ transporters located in the ER, as well as plasma, membranes. Due to binding of InsP3, it provides a pathway for Ca 2+ to diffuse from the ER lumen to cytoplasm. Ca 2+ in the cytoplasm moves by passive diffusion. The Ca 2+ concentration adjacent to the open channel may be 100 μM or more, whereas concentrations as close as 1-2 μm from the channel pore may be below 1 μM [7] , [9] , [12] . Thus Ca 2+ signalling appears to provide the most versatile and crucial mechanisms for such an Astrocytes contribution.
Astrocytes posses a specific and significant route for Ca 2+ entry which is controlled by the filling state of the ER calcium stores. The De Young-Keizer model is the most general model that incorporates a scheme for the gating kinetics of the channels. The effect of calcium binding to the IP3-receptors was ignored on the calcium dynamics. Othmer-Tang et. Al. Simplify the De YoungKeizer model which exhibits both excitability and frequency encoding.
In view of above a mathematical model is developed to study cytosolic calcium profile for Astrocytes. To derive the calcium dynamics equation we follow the De Young-Keizer model. In proposed model the only calcium exchange taken into account is the one across the endoplasmic reticulum (ER). The model has been developed for a one dimension steady state case. The finite volume method [2] , [8] is employed to obtain the solution. Calcium sequestration by the buffering proteins like calmodulin and exchanges across the mitochondria are not considered. Also, there is no calcium flux between the cell and the extra cellular medium, which implies that the total calcium concentration inside the cell is constant [5] , [13] , [14] .
Mathematical Formulation
The conservation equation for calcium profile [14] Ca ER Cyt 
The conservation equation is given as
Where 0 C is 'total' calcium concentration (with respect to the cytosolic volume), 1
C is the volume ratio between the ER and the cytosol and . . .
Where the different fluxes are expressed in
The material balance equation in terms of concentration using notation (4) is written as
This is the general form of the calcium dynamics equation. Here it is also assumed that the calcium fluxes occur solely between the ER and the cytosol. The outward fluxes ( leak J and chan J ) are obtained from Fick's law of diffu-
or equivalently, 
Where max R P is the maximal pump rate expressed in 
for a steady state case the equation (8) is reduced in the form :
Along with boundary conditions as:
To handle the nonlinear term two cases are considered
Thus equation (12) 
In order to apply the finite volume method the domain is divided into discrete control volumes (Figure 1 ).
Fig. 1 Domain Discretization
Taking 20 nodal points in the space between A and B. Each node is surrounded by a control volume or cell. A general nodal point is identified by P and its neighbours in a one-dimensional geometry, the nodes to the west and east, are identified by W and E respectively. The west sides face of the control volume is referred by w and the east side control volume face by e. The distances between the nodes W and P, and between nodes P and E, are iden- .
The calcium concentration 
This can be rearranged as
The general form for the interior nodal point 2, 3, 4........19 is given by 
We apply the boundary conditions at node points 1and 20. At node 1 west control volume boundary is kept at specified concentration
Similarly at node 20 east control volume boundary is at specified concentration.
In equation (23), putting all values of equation (24-26) we have a system of algebraic equations as given below. Where A C and B C be the specified boundary conditions in terms of calcium concentration.
AX B 
Here, 
CASE-II
For the simplicity equation (28) 
The finite volume scheme is employed to solve equations (29) together with (13)- (14).
The general form for the interior nodal point 2, 3, 4........19 is given by
We apply the boundary conditions at node points 1and 20. At node 1 west control volume boundary is kept at specified concentration 2 2 1 , 0, ,
In equation (29), putting all values of equation (36-39) we have a system of algebraic equations as given below. Where A C and B C be the specified boundary conditions in terms of calcium concentration.
AX B  (40)
Results and Discussion:
The numerical results for calcium profile against different biophysical parameters have been obtained using numerical values of parameter given in table 1 unless stated along with figures.
Table I List of physiological parameters used for numerical results
The numerical results for calcium profile against different biophysical parameters have been obtained using numerical values of parameter given in table 1 
Conclusion
It is observed that ER flux has significant effect calcium concentration gives better central regions little away from the source. The Finite Volume Model is developed here gives us quite interesting results as such models can be developed to generate information about relationship among physical and physiological parameter in the problem and give us better insights and understanding of the chemical signaling phenomena in Astrocytes.
